Bicycle exercise studies were performed on 4 patients with congenital heart block. Cardiac output was measured using the indirect (CO2) Fick technique. Two patients were found to have a normal capacity for work but they both had low cardiac outputs at high work loads. The 2 patients who were unable to perform a normal amount of work had normal cardiac outputs on exercise at relatively low work loads. The degree to which a patient increased his ventricular rate or stroke volume was not related to the maximum work which he could perform. It is suggested that in these patients with very slow heart rates at work normal amounts of work can only be done if the patient can tolerate a low cardiac output, a large arteriovenous oxygen difference, and a low venous oxygen tension.
There have been many studies of cardiac function in patients with congenital heart block (Holmgren, Karlberg, and Pernow, I959; Wright, Adams, and Anderson, I959; Paul, Rudolph, and Nadas, 1958; Nakamura and Nadas, I964; Moss, I96I; Wallgren and Winblad, I937; Campbell and Thorne, 1956 (Paul et al., I958; Moss, I96I). On exercise, too, the reports of cardiac output have been conflicting (Ikkos and Hanson, I960; Holmgren et al., '959). This communication reports the exercise tolerance and cardiac performance of 4 patients with congenital heart block who do not have artificial cardiac pacemakers.
Materials and methods
Exercise tests were performed in the upright position on an electrically braked cycle ergometer as described elsewhere (Godfrey et al., I97ia) . The exercise test was composed of two parts. A progressive exercise test was performed first, in which measurements were made of ventilation and heart rate while the work load was increased every minute up to a maximum that the subject could tolerate. After a 30-minute rest, steady state measurements were made in each subject at rest, one-third, and two-thirds of the maximum work load reached in the progressive test.
Expired gas was flushed through a large Tissot Received 17 January 1972. spirometer and analysed continuously for 02 and C02. When pulse, minute ventilation, and expired gas concentration were all steady (after 24-31 minutes), a collection of expired gas was made in the spirometer over at least one minute and analysed immediately. While the expired gas was being collected a sample of arterialized blood was taken from an ear lobe for estimation of pH, Po2, and Pco2 (Godfrey et al., I97ib) . The mixed venous Pco2 was estimated by rebreathing a C02 in oxygen mixture to obtain equilibration of CO2 tension between the gas mixture and the mixed venous blood (Jones et al., 1967; Denison et al., I969) . A downstream correction was not applied (Jones et al., 1967; Godfrey et al., I97ia) .
Carbon dioxide production was calculated from the analysis of expired air, and the carbon dioxide content of arterial and mixed venous blood was calculated from the gas tensions using a C02 dissociation curve and a digital computer programme (Godfrey, 1970) . Cardiac output was calculated using the indirect (C02) Fick method:
carbon dioxide production mixed venous -arterial carbon dioxide content difference Mixed venous oxygen content was calculated from the cardiac output, the oxygen consumption, and the arterial oxygen content.
The arterial Pco2 used for the estimation of cardiac output was obtained either from arterialized ear lobe blood samples or derived from the Bohr equation assuming a normal dead space (Godfrey and Davies, I970) . Arterial blood lactate rise was calculated by the method of Clode and Campbell (I969) .
The normal values given are those which have been obtained in this laboratory using the same methods as in the present study (Godfrey et al., I97ia) . 'Normal range' in all cases refers to two standard errors either side of the estimate for normal subjects.
The physical characteristics and diagnostic details of the patients are given in Table I .
Congenital heart block was diagnosed in Case i at the age of 6 years. She was instructed never to exert herself and so she never played games at school and always led a sedentary life. Cardiac * catheterization revealed a normal cardiovascular system apart from the conduction defect. Congenital, heart block was diagnosed at birth in Case 2. He has had exercise intolerance from childhood. When playing football at school he had to stop about every I0 minutes because of dyspnoea. He complains of being tired in his present work as a waiter and suffers from mild 4 bronchitis. Cardiac catheterization revealed only minimally increased right ventricular and pulmonary arterial pressures in addition to the anatomical lesions given in Table i . Congenital heart block was diagnosed in Case 3 at the age of I0 years when he attended hospital because of a chest infection. Case 4 was delivered by caesarian section because of bradycardia. His heart ratê remained between go and ioo beats a minute after delivery and the diagnosis of congenital heart block was confirmed by an electrocardiogram. Cases 3 and 4 both take part in athletics and football without any difficulty whatsoever. None of the patients had ever suffered from Adams-Stokes attacks, nor were any of them receiving any treatment at the time of the study. > All. of them had complete atrioventricular dissociation on their electrocardiograms.
Results
The progressive exercise test On exercise all patients showed an increase in both 334 (320) II05 (900) I498 (I460) 312 (320) i268 (1120) i8io (I880) I58 (i50) 528 (550 It appears that subjects with congenital heart block who can produce only a small increase in ventricular rate can only achieve a normal work output if they can tolerate a low cardiac output relative to the work done.
The difference between the patients reaching a normal maximum work load and those failing to do so is presumably due to the response of the working muscle to increasing difficulty in extracting oxygen from the circulation. Had the patients with normal cardiac outputs reached a normal maximum work load without any further increase in cardiac output, they would have had to tolerate a low venous oxygen content. The ability to tolerate low venous oxygen contents may be the factor separating the two types of response to exercise and it is possible that this can be acquired by training. 
